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The ataxia-telangiectasia mutated (ATM) fami1y is highly conserved among 
eukaryotes, comprising two related proteins. Ataxia-telangiectasia (AT) is a human 
autosomal recessive disease caused by mutations in ATM, which result in a wide variety of 
symptoms. On the one hand, ATR is an essential gene whose complete absence results in 
early embryonic lethal, but its hypomorphic mutation that results in low level ATR 
expression causes a complex human disease known as Seckel syndrome. Hallmarks of the 
syndrome are intrauterine growth reぬrdation， dwarfism , and microcephaly with mental 
retardation. The AT family initiate a well-characterized response to DNA damage, 
resulting in cell-cycle a町est， DNA repair, and apoptosis. In addition, other important 
cellular functions are proposed, because of various symptoms of AT patients and 
ATR-Seckel syndrome patients and the large size of AT family protein, but not completely 
cleared especially in ATR. In this study, 1 revealed novel functions of ATR family pro旬in;
(I)c. elegansATL-1 (ATR type) regulates the copy number ofmitochondrial DNAand (2) 
humanATR is involved in the cellular vacuolation and non-apoptotic cell death. 
Main加nance of mitochondrial DNA by the Caenorhabditis elegans ATR checkpoint protein 
A官.-1
C. elegans atl-j is an essential gene for viability as well as yeast and mammal, 
eggs from atl-j homozygote mutants did not hatch, dying during early embryogenesis. 
However atl-j homozYgotes from heterozygote appeared to develop into normal adults. 1 
determined the mitochondrial DNA (mtDNA) copy number and found that the atl-j 
mutants exhibited a roughly equal rate of chromosomal DNA (chrDNA) replication but a 
remarkable slow rate of mtDNA replication suggesting that ATL-l required for a 
checkpoint control is also involved in an effective mtDNA replication. On the other hand, 
the atm-j (ATM type) and cep-j (p53 homolog) mutants did not reveal such mtDNA 
reduction. Ribonucleotide reductase (RNR) is a rate-limiting enzYme in de novo synthesis 
of deoxynucleoside triphosphates (dNTP). Decreases in dNTP levels preferentially affect 
mtDNA replication in comparison to chrDNA replication. The expression levels of the rnr 
genes were not altered in the atl-j mutants. Either RNAi of these rnr genes or inhibition of 
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RNR activity caused additional mtDNA reduction in the atl*l mutants. Furthermore there 
were no significant differences in ATP川ATP ratio between WT and atl-l mutants. These 
results suggest that ATL*l maintains mtDNA replication through a novel function differed 
from control of RNRs or dNTPs pool. Then 1 studied whether human ATR similarly has the 
similar function in mtDNA maintenance. Human ATR was localized in not only nuclei but 
also mitochondria and other cytoplasmic space. However, its knockdown did not affect 
mtDNA copy number during once or twice cellular proliferation. It was di伍cultto study the 
longer effect because of the essentiality of ATR for cell 
growth in mammalian system. 1 therefore monitored the 
effect of human ATR overexpression and described the 
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ATR overexpression causes non-apop旬tic cell death with cellular vacuolation 
ATR is essential for cel cycle progression and its disruption causes defect of cell 
growth via DNA-replication checkpoint function. To study whether ATR protein levels are 
strictly controlled 1 transfected U20S cells with plasmids which expresses GFP-tagged 
ATR. Overexpression of ATR caused cell death by 72 hr, suggesting that ATR protein levels 
are important and strictly controlled for normal cell growth. 1 nterestingly, overexpression 
of ATR resulted in cellular vacuolation prior to cell death independently of p53. ATR 
belongs to phosphatidylinositol 3・kinase-like (PIKK) superfamily and other PIKI仁s such as 
ATM and m TOR did not cause cellular vacuolation, indicating that cellular vacuolation 
caused by ATR-specific manner. Moreover, it induces posttranscriptional modification of 
LC3, a maker of autophagy. It is known that mTORCl protein complex including mTOR 
negatively regulates autophagy and accumulation of ROS can cause cellular vacuolation. 
However, ATR-mediated cellular vacuolation depends on neither mTOR signal 
transduction nor ROS. These results strongly suggest that the cellular vacuolization 
caused by ATR overexpression is mediated by autophagy with autophagosomes including 
LC3B molecules but neither mTOR signal transduction nor ROS. Overexpression of 
oncogenic Ras is reported to result in cell death with cellular vacuolation. 1 discovered that 
pretreatment of FTS, and inhibitor of Ras, could suppress ATR-mediated vacuolation as 
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well as cel death, suggesting that the cellular vacuolation and cell death induced by ATR 
overexpresslOn is mediated via Ras signal transduction pathway. A series of deletion 
analyses of ATR shows that the overexpression of the N-terminal region (residue 
1 ・ 320) is enough to cause vacuolation, and similar vacuolation occurs in the 
overexpression of a kinase-decfective hATR, indicating that 
N-terminal HEAT repeats domain is important for cellular 
vacuolation. These results raise the possibility that HEAT 
repeats domain of ATR acts as a scaffold for protein -protein 
interaction. 
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Conclusion 
This study demonstrates novel functions of ATR protein family. First, C elegans 
ATL-l regulated mtDNA copy number.-Although human ATR did not affect the mtDNA 
copy number during once or twice cellular proliferation, analyses at the whole-body level 
and for longer periods will be necessary to understand the involvements of ATR-type 
proteins in mitochondrial maintenance. Second, the importance to regu1ate ATR protein 
level and overexpression of ATR resu1ts in non-apoptotic cell death with cellu1ar 
vacuolation. Growing evidences about ATM function in cytoplasmic vesicle will resolve 
some of diverse symptoms especially for neurological phenotypes. ATR-Seckel syndrome 
also present various manifestations and my dates described in this study provides new 










Ataxia-telangiectasia and Rad3-related (ATR) は核のチェックポイント機構において重要な役
割を担っている、セリン・スレオニンキナーゼである。近年、 ATR がチェックポイントにおける役
割以外にも、新規機能を有している可能性が示唆されてきている。そこで本研究では、 ATR の新規
機能の解明を目的に研究を進めてきた。第一に、線虫 c. elegans の ATL-l がミトコンドリア DNA
(mtDNA) の維持に必要であることを見出した。経時的なコピー数の測定から、細胞増殖が盛んな時
期に、核とミトコンドリアの DNA 複製が翻和的に進行する上で、 ATR を介した制御機構が多細胞生
物においても存在すると考えられた。これまで、出芽酵母の Mecl (ATR) が Ribonucleotide
reductase (郎防の inhibitor を制御することが報告されている。しかしながら、線虫の atl-l 欠
損変異体では、間R 遺伝子ならびにタンパク質の発現量、および、 ATP/dATP 比は野生型と同程度
であったことから、 ATL-l が則R に依存しない新規の経路により、 mtDNA のコピー数を制御してい
る可能性を見出した。第二に、ヒト培養細胞において、 ATR の過剰発現が細胞質の著しい空胞化を
伴った細胞死を引き起こすことを明らかにした。この細胞死には、 ATR の HEAT repeats domain 
が重要な役割を担っており、キナーゼ活性は必要でないことを見出したD さらに、この細胞死は
活性酸素種の発生や、 mTOR の経路を介していなかった。活性型の Ras の阻害剤である、円S 処理
により、 ATR の過剰発現による細胞質の空胞化、および、細胞死が顕著に抑制されたことから、
ATR の過剰発現は、活性裂の Ras の経路を介したものであると考えられた。加えて、オートファゴ
ソームの形成段階に必要な、 LC3 の 3 つのアイソフオ}ムのうち、 LC3B の発現を誘導すること
と、 LC3-I から LC3-I1 への転換を誘導していたことから、この細胞質の空胞化と細胞死には、オ
ートファジーの経路が関わっており、今回見られた細胞死はアポトーシスとは独立した、タイプ 2
の細胞死であることを明らかにした。
以上の結果は、 ATR が核のチェックポイント以外においても重要な複数の生体役割を担ってい
ることを明らかにし、 ATR の新たな側面を示した非常に興味深い研究であり、自立して研究活動を
行うに必要な高度の研究能力と学識を有することを示している。したがって、森ちひろ提出の論
文は、博士(生命科学)の樽士論文として合格と認める。
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